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Ihe wutlior rr*»terullT ttie •wnirt^co 

of foct?r p. ‘ill*r, t m’ Alact- 

rical vitln»* rin<<, Hhm J jHh** UuJv^r^lty, Vro 

th6 .r*>bletB ®n<> yvi? tmvy Vklu»bl® »iu'r-«»^iona 
durliw* itp 8 'lution. The eeai»t’»tK'e of »rr, •’r«elc .•'-rivrtn 
Jj»borotory ^fchoiolon of tho c^lactrlcol idMlne -rlne 
i'®jf"rtw«nt, Ihc Johns h^pkioa tinlvrrrtty l» «leo 
fulljr »c*a)o»lertiPG(l, 
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■ cvrl»f ♦urvey of ivallablo vJliT\xit *rT»»ni?e- 5 

«snts for -Uactronic Volt*«M «bpu1<. tort . 

CbBr*»ct«!'rl«tico of the Altem tor 9 

fcSt Jbllch'»'ent of the Lo<>d »<Bn**e And la.n.;-© 1? 

of fover ••ctor 

collection of Circuit lrran*>e<Ticnts. 14 

DAiijcn of the Circuit 16 

construction ro 

• ©rfor'cnce 'lects ?1 

Conclu^lone 14 

Wlbllo^raVhy J 7 
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Dfn: >rK>oi 



Ihe incr#r. I’in^ o««4 f >r tw ••ut3M ilc* vol< -«« ro xilr tor 
to ew«t tte @xiictL 0 I r »'uir»» exits ot 1 •■xui 

t‘iry p*er»lc»« h>«e l«0 to Uuiui4ariitil«> te to fyi‘ 0 <i\»e% e 

device eh<o>» •111 itre tr>e ter*»ln»l vo.lt*>» e»f '>lt«riwitor 
oonet’«t UB tt>« lo*d !• eiiried, if an f*lternft<>r Its 
rtelc* current ed^ueted ro to r»u ©If rwted villiuie «t 

« 0 rfeted f XTjMuonc.v' , U*e t»r«*!/** I volti^i^e Oecre^eee 
•*• rtiel^tiv*. or IriiUictivo l/h*d« ore o*., li *d ••»<* ln»ir^»-i»e« 

••r e#vi. citlvc bi’G e^iliet to tt.o •-•. In or c,r to 

rev»«iit tuio t»*e ^•nerotefl volto»i;e =>»1‘ • o»»ino »uft u<» 

wontrolled by control liniji tho field currer.t to c ciifcc.t* 

Hot tti«e furlMble ivatsdenco ttr^r tn« vt»rlAbie dv-i* -M.s-tl' - 
ine er roots. 

ih*t firet successful <*ttCL,fte ot ?. utcwtio e.iotrol o# 
tfi0 toniln.'^l voltsifs u titorti^tor# «ere xMde e^rt.ju?. 

tjr^en or vibr<-ttftit cont ct >r lAo ilrrHl m, - 

u.X'tOT,*'^ In fd'ltioe to Uniir t* In • relotlf.ly 'ioi In 
ms^on/c t.) thf orwtoiiui tho (m^erior^ tl ■<» »>_• use 

•if the savin' ;**ris end the rKuccaJOry ireruent •i'4uo<u.--nt 
• ** khsn u It "rnd ti.jt until tb* <arls -ej«it!T;Ho. 
.r"Hrv rectiilar t.uno !• » drerijjc* th*t ^ »vi«|p 
i»r‘ ' «r. tf»» •* tUw v *lt* ^ re. u It tor. •.l”C'r.Die volt^ru 

m* ul* tees . i* Cilcsi'lly fi • t’,.- 

«»it tli<* -Jl tovlji .•rtr. 




10 latfMiavAM 9€T ^ 

IP ii j p T P il P ^ l 

1 P# PtUBPIt ^ •»>■ Pi« 

p« » «P-tA^ Xappnpi «4i PM UU t«NP mI*1P 

ipC M o^mb«N iP tPaNBir M tP-^«M 

pp PMMP ^PiP P? ^ ^ l^rsm PA>tt 

ttp Pfr Pv^Pir <i ^ M 

9 § MW d ,tl*^-r di 0p »li*« M «ik «t PPIPPfP PP 91 

^ wi<0A. I M P» MPi«P MPPUdi wm %^ ^PMi 

MMidt 9P #VM AAA/^ PP^ ^ PfMHPd 

4jmiiip dir 6w pPM««d PAP il pPP pm# T«n 

vpIMla pfl 

todlP Piii rnp ^pSmmBtU «c m#Aop 

p4MI; «f tP MPT ditPit f^dwi WA#WK >r 44 vt« 

^ «jWr^i^ 'MM 'lid# 4i wltJApP 4l^ ^ 

« 

«d NP 4fc4PrjwiM ^ 9«Mf MaM» ipl ff i P* *H 

igddd^W flWMWff »4J ^K« «P9«|/ >JltfW« PA# 1P 

j«Llt-ti«»«»<J‘it pw tiw« M M ft .P44PWPPM ddP ••• 
^fPvtv •• tffPit t PPft 4paPlMto*9d dpt psC^fPM n»ra^ 
lPhJ«iir 4l0tti*T«^ll 4*im 4 riinn m$mdl0^ *N dlfWldf dfl %•• 

0V9Vm •(iilpM 'd Ho Ids ai»t 



the* jurroiSQ of thlo i^.per io lo tho flotii :n, 

CQC)Ntractio« *n4 r^rf <r^»'eo >f olsctrttilc voi on« nw?- 
ul' tor for A If .<y-«cv* loOo»i‘«tor. . tor. 'ifw tor 

ir to be na • |oaai* auvily Cor itfi- ■ r te «»A*ari~ 

i^nta on 4 t-lctr*- •fCiorrofiou® i%jtor. iH€ .»:'n«6i* tor la <irl- 
van i»y » lo-hi-, csowtoonfl-^ounO wlrcct current laotor. ilio 
uynchronour aotor «xj erinonto reoulra conat nt volt-, k"© for 
lo**4*' u; to 7,b-kv« for « r'-n*J© of povar fiotor »iat%raf» u.o 
ia**.*ln ’ AiKl 0.5 lekOln*^, ihlo eou^y IncluUoa • tiricrf aiir- 
vay of voit*>fe'e re#ful»'tor cireulto aa a«lX aa t?ia aali.iioo -r 
t^e •bovc 
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* bitm »«wvcr u. iVAiUiiU umumi abiuhw jire 

r lill Xtumciic V ^gtaTJiC 



Tbm trl04>« or tn «i*»»tr »u 1» tl»e oo»t i vor- 

tateit oonf onent oT f-n electron It* r%vU' -<or. It* 

ut lies in it* lo«», oonatnut, voltuR* croj* 

*n4 the rerultin* hi-'h circ’ it •fficf'rne' for lor«c currcoti. 
oo»ev«r, tt»* iooJy^tlori .jr tNo titi'cli por- Itc ttii* Ion 

t^rop also vrevont'i th# contr'l Ironj otor i'l tte rio* 

«rtcr it ^ • one* be run, I'trrel'Ora, tiis 

of thyrctir»nr Is on s-n »- lter'«» tin^ ou»*) wnt n/oto<'> »^^c•rv the 
.^rlo*<ic r«v»r «1 or t!*o ono(?e volti*»v ircfiults < olonitcutlvin 
*tne • o’rfiico for tur irrie to ro .-•'in cofttrol. After ou:i'c.ftt 

flo».lo< upoti tue vevtir^Al of tbc • *oitA4r (•nO 

eMba«<ai*«i % doi »ni~ati jii, p Ae($Btlv« p.rle »ill jr#>v*!nt itA 
r*»Ktbrtlji<i! even Uiou#!ti the *dioec b** «4l*in b»c3-« 

It ir to o tbe irlO «l - tr'.."r»tr ju < . ir- 

sot porrerit ou. liy, lfn*t to obt'-in SRo^tt cjotr.*!, it ia 
nc*er-°^«’ T*y to usn firin- circuit* •'•icb natiliy or 

,«?*T’tl lly frot. t*i# slt^m^^tina" c'it. «nt aujsli uaed 

fo* t)»# circuit. 

Tint b*alc ^rta of a TOlt- tor 
(1) f oitc lino circuit 

(f ) Control circuit 
(8) rhyr^tron circuit 
(d) a»ti«*u itlr.* circuit 



m t' 



WP *1^1^ «a| 

ttmm ^ Ipi^i ^1 v#i^lj»itf4 tw«|» aIA y4^ im^ 
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•a ainv tgi^ 

««^l «Rl mm4 yia^i J?»m^ §fi/^ %KV» 

tPi^M^ie v^ApifMii #«• #1 i»4Vl 



•imfm^ iamm at »t% «it w mm t M 

•»• iMMpf > Wr »a* Va f$*m^ MM M 

•## iMMi ilfra «!•«# aaiiapOT • ^ m aiw»4*< 
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Ml» TitiM tanma aUA’ ay ti» tU4Sn%(| 

• flMfU OTM «4# 
mmrnfim m *)# alj|i*4 aflt 

«iMJh ^»iJ#MMi|ia9Atf tii 
fliailf I *| 

iltr^ill It) 

f^-nvif atf MWMIf U| 



robubl/ th« flr«t voltA^v circuit u»e»i is 

un •lectr^nlc volt«ia renC- tor •»«> the n>- -line<vr 

Tbi* bris.^e hue brnmi u»e<S to ooov foru^’, unt. the ooet ccao> 

non to be tuo 1«»-^ brlc«««. thte le fci.> 9 vn tn /l^.l 

fcbepe w»d Hj> cro tuo,.*ten and ^od »»ro crrbon 

loen:s. It ov 9 v«t-iik on the .rlael; le that the reeletauoe of 
tungsten increi see nith Increesint t«»?er^ture while the 
reeirt nee of carbon tfccrer*«ea wllii lncn»«inr to»rr«Twture, 
.herefore there is only oae value of es plted voltoiee f )r 
•»t.leh the brld.-xe ia balancod. It.e out» ut voltece tor an 
In; ut leoB then that rerulred for balance is out of ■ h* ae 
bl 160 ® to the out^«ut f >r en in.ut voltatps rr»v*ter ttrn 
toe balonce value. This circuit hes boon used tuecoomfuli/ 
by fcelnleod^ Fnd Benson ^' x voriution of t>»i» brio*^o 
whereby lino“r resistors rejlocea lats)»w In OT>ositw eft-c, 

08 hQ and R4, hno boon ucod by imdA end HlcJitor^'^. *a- 
other tyj« of non-lin«er bri‘* '*e owe owed b* hi. ' Ir {♦tu'. 
/dcohsen^ end la sho'wn in ri».' . the vniues of the ol*« 
aiiit T'wrwjawters were such tlint the out rut wwa ertrrw -nly 
Maeltivc ot thw value of voltncie to be (1*’ 0 

volti) as ebona in ''Is. 9 . 

de«o»‘lbee •.motbor ty>a jf i- 

tlve circuit in which the woXi oi •=li€^T~ 

I : tor eufrr.llcui aoltf e t rsu’Ji a tr'Ufifo-^* lu the 







^ ^ ^ ••i** ^ am ^ f»m» 




m -g0f $m^*m 9tt «l iokmim^ 9nUm 



9» M If tmi m ^rnr , 9^ Mf mm «ma 

m ^ JMf iP«f •« w« fiM»t ^ 

,#i»« rnifma^ C4 f tJW VMlaM «MsU 

^ %0 0^ %M M ilTM 

^ ^AHili^ It MlL<^ nmm09hmrn n 9ftt «IM 

p^lf •! •« 

rnr^^mammrn^m* It <«M mm9n% 9mr%mm 

mm 10 mm^ k mi m m «l 

#«f |9 i^Bi^ilka n# 9i«il»v tiifl9 
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Fio. Z- Non~u'near BRit>QE 




•t«su of m M«h v»<cuua ^ «t k» mxxoAg 

volt«*r<‘. Icb e>e*«4» tti« e V3lt»i« bo tn»t '■‘iiole 

current »111 b» contr.3lltfl bv the 

kfi^ con^enuentlr t • fll»» ^Pt voltu^e. TU« c ^ 
of thib circuit arK the Huej. circuit U th»t 

is not instant* neou«» du« to a Mill ther'^al Ife- « 

The ax»ot b-jp^ilor volto.’a-seJu.lilTc d«vic*r> le'tiie full- 
*wve «stlfler unfi filter which detects Inrt ntly wny c^eiKc 
in th« eltomntor teruinel voltiwre, thi? o;»t ut o-itn^ cirv:ct 
aurrwnt. Ihin circuit ia iu*nc f ;>r c ntrJllij ; ti'O irrid cir- 
cuit of e tbj'ir tron by shlftla»f the ;-Iu* 0 c >t the -<rlJ vol^- 
ki|« •« will oe e>rl<*inod 1* tor. 

ii*i?r® *rc t'>ree fundo "^nt 1 rwtbijds or *l-ii*v tf^a 

of th/i*«trona in volt- re r'»oil‘ toro -Itsra^ tli*4 

(f»»rr««t, 

(1) e ift of the arid v>lt%ibe iwltli PUi* «jct to 

the »T!Ode voltftVio). 

(; ) # rintb clJtee «’ltam tlai aup^ri-^'o^aKi 

u.MD o variable uui4lroetl<^.*i>i V )lt><^. 

(:^) tdi# i^faiiiude bif'timd wl'ich iB iiPt:oci‘ »*«i’ 
tn» itr^p bria*io. 

I*l ie 'iitt ee p*^lt**i* c-jHtifft' t»f ** laelat 

ro-ct*u4JC cinmlt. I*. ivlilft is obtelned bf U*» 

1^9 f trt**dd «»50iK<r tut)* »i>os* tilkt 



real at' nea whlc’ 







mm •• <• —ib mtmf LUw 



II Mill! I n Mf M fmrUB mHmwmi mi mm fimmimutm im 

Mm •••<••• >»' •■f *m At 

M 1ia> Tii ^immm mj^ M* 

l|u*^a IjmMbkI nlf ttt 

M » iliiPtMi vt «M alf. am 

¥lf f» Mm t^l 

•Mai maUMa a# AIM m m 
M MGA^^am M MMiM IMfeMMf ••MT iff mmm 

aMa MMaiaM mMfm #t nKiMc^a# la allia 

r-, /s ' 

•AfMm 

^ 4Mmp iMic^ jiia m M ni^ mat Ul 

rnmm M 

A*«|iMf4liUa «l<i«Kaa • a^a 
ilia mr^mmm al Jim 4Mm tiariiin jJt (i| 




m Mittar la msmm %m asm aim •tmtia <■ mm 
a®^ Ha * 



( 6 ) 



la varlad by e unlal^^’etional volt**|T*? ..ro"orti xn*l to the 

• lternc.tor out> ut. Liit©»is« tha ri» ot>if»o« acy i»e v^ti’iaA 

(e»fi tf'la is cov^jonly Aca*« ) bv the u®« oi* • «»*tun ?le r#~ 

ciotor »hja« •♦■tur’jtioa it llKavisa controlloc b^ a oli’*ct 

curntnt voltaga •iit31ur to tbo r*bove. v<»rloUB rh»«« co»i- 

9 

trol cirsoita aro in y«.>-era t/ ooc<rell*, oitln , 

i f , JWBich, ..ucilaiit^^, en^ %»ratl^* . 

ujc'crell^* «Q«crl|ic» c fiseti a varl-*' .'!# f 

clroult iti ahi' h an ri torn' tin- nurrmit af flvttO 
fro»- t»*G ano4«’ tupri/ is laarfe to lc4 the aoor^ voltotfa by 
tio® unti 11)8 direct current bl^a is verl©e in »potJrlion to 
tfi*. ter Inti volt;-*"e. As ebi3nn in ri . 4 tfil® ■ethocH j?er~ 
j'^ltt* control of tlie thyrctron throu *i*<mt the l Oflllvs Ivlf 
of t>i« cycle. At less! one of the coianoroielly » rocuced 
volt o m*ulrtoj*» thle aathov of ^rl<’ contr-oi, 

lUO output in the loap briogB uny b« ejcllnb dlrccti/ 
to the •Tif or th« tayrc.tr->* eno lf«o'^ out oi ton/ni •Itb 
tut nnowa volt»so, the f'rin ooaor in^ u. utt - 

oitoi^e of tha •:rl'* vjli- -r. thlo la n-ji o«i*i./“»‘*la diis to 
tne ftict thr.t toe j^rl? l»»fr conirol x'or tml/ h»Jlf ji thr 
o»ri»lva snl if the cycle cUoan in 1*'*. r>jr), ali - 
laid eniJ fon** *' »iee'* •'n hb .h- c 3rt 
tlK't tii« jrlc vollNaa I tb^ nnotle vc»l»-*?a fey in •ir</Ua 

illiOitly lat-r thaa ic i< end obtuinec p .Xic*‘ of 



4#J 



T^finr «M ^ rtirL -#% M »iviMi» t f — 

««. «.«i-f^« i W ^ (Mi Ai 

^Mdrip* ^ 

• W •iWAU •» — ** »f 

- *^ •*•» ■• •* *“7«r 

,*•4*1 «**t4M»«i|J|| ■•►****• ^ •*.*“7*^»?3f 

_ R* ,*'V*W" «r« 

ik iWTI <• ^ tf mm- 



i4-^« Wit .»,• * 


1 Imtiwm 1 


^ •f4*« 


ii4ine #1 ii)f«fa« 

"V 


W tt turn a Toatw 

w wjttMi^ M ■»»•*• a* ttH •^••* ■"••n t« 


^1 awrw tit* • wAk «l —>«» < 


■* tf****L^'*i?!? 


}tW «ts /WMlAttHM 1^1 


P(<0M m f4l4» 



^9m»9O0mm M 1^ 



titacAk •►«*•• »• ^*4 »»l ^ ^ 

•#<k «H* at MS *W M» •n*t»V4 ^ •* 

• «*«•• «rfwf» aw ar uaa ,<«trtA» tK» *• aaMO 

•M * 'SIW Mta ••• IpMs* **.,*feV^ *'** 

^<S .(«M .^fv •< sM •• tit's wa rrl*Hm 

jg^sfmtm oua •!».•» ^ 

atSM w At anm*? ■»t« *<4 iNf rt . s-titg atis m* tnif, 



// // .// / /A 




Fie, 4 - Grid control F!\£i, 

V/^Kjr?5iir D-C. ShAI^RT BRBfl 1^0 f ORTA'S 
CON!)VCTfOfJ. 




Pg. ^ (cl) 




MasN^TUDS method or- GRIS tOHlT^oL 



(7) 



control «8 Bh3im In i 1 »p. 5(b}. rIoo obv in*<J 

Kr^i'tbr itensltlviti by u»ln,'* « o»-:ntor-t' tfi.rt*- 

foni*»r ‘'lid GOBtrollin<r the rri<J« of t^o t»<>*c%trr)o« comiewt- 
60 Ai« a full Ottvo r^ctii'icr, 

Iho th/r®tron circuit eonaiati. of tho ‘•nurto nu . ly 
voltAife, the thyt»’troi» tu' « or lubee •*nd the la^-t . -4iMc« 
Duch bftter control i* obU-ined the i-rrlf ^u< ; uo*\e 

volteMtf »>re fron the oourc»' , t'*v •Itersietoi* ueu> llx 

eusnlibb tho anodo volt*ce» ror6V6r, tht co^^rclal re-- 
ul'^tor doscriber' in roference 11 la "n ti*on ueo# 

« eo(6r>»te three-pliase voltaee euv\ ly end three th;iT»'trofi8, 
‘Itemutors ere u»u' lly aaoitoc: • e«ll direct cur- 

rent ©■•clt«*r ahosc rotor ie ojuplo< to tfio Qlteri**t'*r 
the load in this coao 1 g the field circuit of the •iv‘;it«ir 
wMcb rafhilires u ■^retit dor 1 le«f curxtmt than the frlterriator 
field, c»ir.ce the current n tln," of tho tuhea *j' •• »olta^ 
ro-nil tor !• li .Itev to o fo« a«ov'r«», •«fi e»on,i»r j*» » 
eeeit irlsen r«ueii- 1 the tcr^.ln«l v>3i»- £.-'^ ’jf l-'PtHe ^tot~ 
n.'^tor^. ihe fioiu curtent of t!»»i usciter jT tji* 

h6 tvmtr>llod by connoctiur the o*it»'it ol the p«n?ul-tjr 
dif'cotl^ • C'Oiir th« Cl«id •iodlfk.-, itlrtiT*** or n >Pin--, .«r 
i.- ■/ be connactad th# field rh^owtrt^, 

«he» f*n ejecitar l» u^a^ , this tl<-«e coo^ t .ntti of huth 
tJ»<5 ®*clt«r tied * ltemet^r Dalcia «**t*»r t-nd bui-lLfu* '»r the 
tei^'inal voltr*t?« tasy raeuit, n«eaealt«iiii **u 






oiU* •lift «l mnm %m imiM 

r%i m inri ^ tMf 




tel w iJ ^ teitetel 'tetlA 



iWiM tte* • tm Mwwa^^ 

Afteu 4 it #f <»Hte •! te«v mu«M iw^t 

teiv w «» iten Hit U tea tilt al «ni a«^ 

tewtel* te te« te ite «aal MS Mrti • tela^ «|14i 
a U teff aaf la aaijiar jmmr^ «4# aa«ll 
«apa a •! avfla^ a« a af tetei M 

•tela aa««a H tetter terete te gal^fAteV tea %r*te 

aofteiJLP ti aittea te io ior»w a#f ^avitaa 

te 2 ^ telaa te aiJtetePi 1 # iaUarfiiia aa^te 
»« tette«a ^1 talMi •teaaH fiaif te »aa^« rftefil 
•^iafaoaai €4fct% a^ a»a^ia tafaMBM al |te 
•taa 11 tef te taaai 44 tette te« 

ait n teMaai te wmm aMH aamatef* te ^tm» te 
•ala**«a>t«i» a* ana— iaiiwwo ^iiaaaa te ^at l a ^ N— iiaaM 



circuit® ThI* Im ttcMUy •» J<C fr.MUivot'«4 

dlr*ctl7 ee»^M the tltemctor field. Current flow* throu.{k> 
this, circuit only tb«ro le r ehoiws* in tho volf.A.c« crose 

the field, re«tiitini in e uB*uwnt«r/ poteetlel riea* or dror 
ecroee the resieVnico. Yliie oMuitcry rotentlei ie 
j'lied to the <Trld of the thjrrctxvn in the correct Ciroction 
to prevent huntUi-/;. r.einlet>d^ foimo tlwt «a antitaiisitintf 
circuit res ueu«liy uumeceecory e^ien ti»e Rlteyra>tdV Cielc 
ees controlled dii-octly. 



ill 







(9) 



The eltern* tor selecteC for voltjut*! t-m-ful*- tlon vaic 
tr\e ^"jcol 1104T1 'tfvm -iiinufeotur'><^ by the u«nj»rol 
electric OORipwiy (see fi I* (ai). It is t if.5 - 

jfw*, volte, 54,7 , *>*-?#>•»« ft 6U ovrl^e, Cleld 

Miclt^tlon !• obtained fro-» » »ro vaXt ‘i.c. bur, lh» priuo 
<A©ver is i t>«ner* 1 aectrlc liOt^cl !?,’• bii co>i "Oufirt- 

•euivl ^IrAct current i«otor rf*t«t ^t i-i-hi , 0Q*.> volt**, j1 
fmj-cvaf. rt 1^00 . ihe output of the lor io not 

« r-uro sine wvo, but lias & ; ronovinceA hatwnic ripple. 

It wouliS iJAv# been decireble for the t>lttfTm.tor to bo driven 
hy « ejiicarouous ^<otor to trovido coneteiit «nf con- 

aeouontly « cooairnt frenueoev out ut frex* the »il%eri»t'>r. 
«>uti» tic Ajo^*i* control of the motor will t« Wi- lisirf 1 t.r, 
Tacro «me no dcte jvellAtio on the chers cterlhtJoi or 
tbJo to-culn*;, so it V4.'6 i>ecew«wr/ to cfOJ»<foct tw^.tf. for 
t» e ocmn-Glrault and Bbort-clrouit cfhe.motefiaticj’, he 
rwsuitt ere Gbown in H«. 6, Thowe teett onaucto' i*y 

th© umiBl method described in • oat rtnti* n^^ te>t Do<mu: on 
the eubjact. In eedition th© ohulc rwaiwtAticu the field 
wa© ^w©ured sc GW.o ohw» vno th« o!ii'J.c roelptaaoe of tae 
ar*rtum ««r ,050 shn© > ©r iti*©® v»lu«*f. i.ere obt<.Iivel 

ij th*. voiiKt t«r-it^twr I'tithoc, 



^ij XI fai -wn ••f 
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nr desl-^ i-ut » t*'e aynchr jnou -ic*j.oa*-jacc jr 

1 ensli^lii t Ic » etf«ocl io iwr c?- icul- tfio 

tion of 'th© tor <'in.cc it #civcr •> v* lu<* o^.' <••>,•■■- 

uiatlon .ojr^-r thi^^ t<»e rct/iyJ >ie . .-.c'i 

0 U 8 Irv. ©{'xneo le o. leu.1 t‘.M -i tr>© M -'hest •£ lijl'. v'- iut 
o‘ rnf turr u»*n«.H.y -t tnlo» rnter o«irToiii . i^3. 

itf, 6 t'-e fl«lc current corn-^ to t-, Itfc i>» cuv- 

re»*t is j>s tfio '■»• volt**’’© corrcu'oni iju: 

to tbie vt'lue of ;lel<3 curre».t i" "t volt ,, IV it it ub~ 
ru <«(i thi t this volt ■ .0 io bt*!" u©©*' •. u^Jr ly in seriC ih-> 

ttilc I’ ted current throu >• the '’•I'^ture i* i-c , then 
tho synchronous lf>j/Odtince v©r N’f^e, . , ta«y c®lcul tDii 

>.t# ef'U^l to - 1,71 otu-e. V,Mi. J.. -j-cle ui o 

\|. M ,>,0 

t o CO* I onot* ' * , ti»o ’'/‘ccilvf. rcf l*’t' ticc ■ nc the ; r.>- 



- >tg #*n<S 



c Tonou- re* ct- cr-, , . ilkur* -.'ore 
al^vct: *. ia v<.iy s*.v-.il, be ' U 00 to do or a- i to 



Tlio rop-ul tl *n of tills icrcV in*: £t«r I. it*, 7 ,. 5 -<Vfa 
lc)«t ©t unity n-f-tor in erlc-nl*- 1 *:< fjl.O'u;: 
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Tbo oynchronoue otor® «muli will roc lv« ttiair 
|/om»r froa tnl» odtcrriitor t tunc it It 

not «4iticli< tc<) to uso «ore than aa^ n loot >n ttl« 
aitem'-tor ^t err ana tioie. £bm ©yr-chranouB »ofc®r «lli a©i- 
don! be ref ulrea to o»«r ta ith aora than iyhm ovario^ a »o 
the ran«’o »«8 set at 7 .G-cvm, 

Ihe alternwtor ficlfl la r- to^' >t ,:3 «g»*aTaa it 
•hould not be orei** teC u-t a vj.iw v-^ry ryjcb hi h«r than 
thla for eny loru; loriod of tl»»K5, aoirwor, it ia ba- 
llevert thet a n«'yir*\» field current of 3 woui«‘ 

not be harmful to tie field aindiiw^. 

In the treocdlm section tn® ^ 5 *o«r*too .h**ee voi- 
tMiP« waB caloulftafi for a V.o-*cv« lo-d tt x ,b o%t-r rtclov, 
lag^itiC •nd loot in ;. »he vtlur^ ca^Te»i^All»’ to lino tol- 
tarva of ^64 volts for tt»a Ki trier catia lf>*j vult» for 
the leodin? esse, i roe the Ghar*»ot*«rl»tlc curve?i of <! .. 

6 thoaa raculro field cuiroutr of *,9 auc l,t‘£5 fl« .i orca 
reapectively, uince the !^.iivt»ie fleic current Ivis 'neon 
»et i t 3 orr*^ , tlir otre-’o over !• otor th»*t 

c'Hi be obtained If ali*htlv lese th»«« . ,l>. itn iiu 

li' it f'-T ie»dl»i»’ . -jv* r f' at 7..>~^a, bat li n )t 
»*nticl|<. teO llv t it • ill »•« luma than I'.O. 
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In or^«r to Mo laaro clearly %hm io*d and tOMr 
f«ctor ran^oa of tha AltMoator for • Qsxjjnum fte)# 
currant of 3 aaporast n aiatla Alarnto m/ b« o«natr><ct- 
ed In vhich tbe er^turv TMlstoncc «rt«ct tm 
rs In 7. Thus it ie seen tliMt •p'i ro>la»t«ly ftill 

load zay be o^tcloM at o.Q la<^ltsr» 10-icva bt C.i 
lnvr*‘in k-Jpf* at 0.7 mcC w.o-kvu at C.5 

Tbarafore, e re^uI*tor th»t is €>t nt au7k4.fla^ 

current ur to 3 («^«roo will rlv« ro«!ilAtlon wver • 
lalrly s^lde raru;* of louds and owwr l‘»*ator». 
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lawcfio ^1- taiUHftCVfiv 

It was dssirsO th^t tha cli*i*uit err«-!»r» •*ent ot tua 
v<?lt«j|a re^l»’'tor contoin na f«» cou .'oowiitr of 

yet ''♦int«in tfte twrwiuwl wolt%<« naar l/ 4ior»«t»'ot 
over t»»e rsn#,® deter IneC la ttia %»cviuT. 

co--, vm«at6 should be of thw rx re tyiw* et 

•c ec /in leal i rioa, twt atioiiid bs nMpw4 wnrwi *^ ovvie th«»t 
l*ce ent will be resuirad onlr w/t«r loa? i*iriOdf of 
u«*w» j urtbcr.?;ore, thw aocwwfw ry for #o»^t 

Ojorfctlon of the re niU tor aroulA 6w *”>0 '*!• ULi. . 

48 ext inined in n v-revioua scctlo', re'Mti tloG 

osn be obtained wen th»' resistor i« o tfr tmC tr— t^o 
reruJ«>ted su .ily voltt j;e. In opcfwr to prevent 
distortion of the olternotor torsi«#*l volt* jcc, tbe retenl&tor 
■bould conduct current on both . otiilvm wid ow^^tlve h*lv».p 
of the c/cle, iv*o tiijr{*trAae (•••jAiwotct © fall *»fvc 
rectifier fori « conv^ni oit - x'rrmjf*f «nt sod in eddlMon 
thla roduewa » r^etl'ied current ».ith n **av»" lor-- »*bieb 
is tauch oore (»e«li*wble ti*. n thet ett«'ine<i fron • mar-wnve 
•rr- nwe-- ent . Mncc the «syltu* svwre^'-o current rr tlar 
of thrt'strons aeld exceuds imreFev in>o the curvont 
r«x<uir»*' ent of th« rwul* tdi li» ^ **n**r»', it * 0 'jI<j bw 
lfr(OS«lfclo to ^Ith o«l/ one tube, «v»« if b»l.- 

%svu rjctli’icwtiwa .rovcA to b*; otor . 



tM 








•«» • *^t» tmt^ %^y*^ % rn i mumi 9tUf 

t9m C AM • mw 9 mitk mfm Mt m# ms^Mmm mm mm •! 

'•U- 

•# »Ufp* t^rnmm $ %i w »totf t«f •mm^hmrn 
tl «n Oin Ml« flMM «r •UMvfni 

M U (mw^ m 



lfMl>|«M • 



IH view of tit* fftot tM»i tte ro-^lrtor l5 re«».*lr»d 
to re»*uii te tlj« t«r*io«l volt»»eo nfion tn« Ick'cI <* 

le^'diji'i ourrer*t, « contUtlo** »rt)ich rooulre v wrs- Her 

fieifl current thor. lo re* * ire<’ §t fio~i<w»d, th<» rt --ui^tts^r 
fnict 9 u »ly I'll current nece^i^s-ry In wcees* of tfe^t re- 
t» .lred rt • \o»«r factor of (.». lee^lu- . hamt 

tion (i i©* rs to ba to coiifiwct tho out ut »I U>« raruJ»t'or 
flirectly ecros^ the ^itcrriMtor field, «lf im tl*e l• 40 ltt'“ 
tion curj ent ond to deore'-oo tbo voXue ol iic'f iniireut 
g 5 U.*lied b/ the i .C.bus bv o-nn of tae field riio*i&t* t 
• fter tho re :ul> tor Iv s been .Iticod In oocr'. tio?! . 

'i.ho Itiwi &i*icv^ Ic t?*w ei*^.i i€at '-ii4 cauft***®! to 
couetriict of the exlrtin^ voi t^-. e-»*U{'t vivo circ-Jite. it 
bon the ocitlert of’vrint- .ve th?t the OTit .ut t^y be lind 
directly to the rrid or tho tbvr^tr m tM*>v o r. cwjait:r- 
ta*^ ed tr-rsf >rvLer in tr<e vt ruil-**f»vt rbct'fiu- 

Hit! out the up© of • h“90 !«Mf‘ i»* claCivJt, ■ will ft© 

ey Ift tnod i. tcr. 

'ibln orv •••’e'^tiot coe® t*-jt r*/ b^tt'isry ror 

ftrirt bl!*n or uq »i refer© ce vol*»* ,v ■* - y avlptiur 
rer’iulr tor© oo, ihl® oilnlo' to» M«»ot6er Ite oi i 
expense f‘rt<’ coot int .* t ii*K « 

In vio\i of p^Blul/rm ’f" rintlu*:i' t* tst on ».m lotct'e 

circuit it not necvM'iTi vaon tiu* re liJ* t oontriU- b’**' 
?^lt>- rnatoi* field dlr^oUf, thin circuit •/©© C")t lj)^lur>4»t» . 
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«lterTi*^t >r ifl a-cw<n.fct«(t bli four 

terT«in'»tin^r #*t t*»« Ane>l (>o ‘‘firt t*»« H^uirv-l 
not rirmn^ei’. I'h^ lin* W ' OO voitn oi»c t»«a i<<*ue 

volt»'«e i» 1*0 volt*. '<Tiir. w iiw or ■ i>B9e volt**i»;«j 
tli« ril»“ cnt tr* Ht>ror. -jr* tf»^^t *rc co»>ib'«rL*ioii. . 

PVMllfcblo to Li«? ucoft f'jr t*<« fii^ <4Cito or 

thyT't irons, /•s nho^u In • 1. , t llisi't volt' .,b* df ■ 

BUif'tJkTr of «lifr©*‘«wt ■!«• fl® tnictl'Cii snd tbone 

difforl*t< by l&o^ eey «>• utod to •y>rx rcvuiU>r-e tne 

• BO(^e m. ply volt«*n« sue tno volt-'.^e l.n ut to th« IXiup 

bricb-«, tbu# «li J,n tinijt tU# ftace* t»iti oi’ a .lifcto siiitt 

net *or**. 

Volt*t«:"~g«rogi >.-i rcult ; 

Ihn v>lt”r?< v». t'ce oi • r* otcri^iiic!* of c*>r»Km 

am’ tun-c«teii re re'i-roouf-v In Ik, 0. Ihe kOiut 

of Intergocti ■»r or the eurvo<» >i r t«in • tc»» *-»!t e#in o«» 

1*WJ/ In^lo^i^S tb# VOlt'»I* t -•itich thr^ of tlM- 

tno I 5.^.0 '“ro e»u*il. It i*«ni p .«?!■• utc. in tiie 

lo«j, tridf'6, trice thin volt»* *e «’ 0 ’j 16 He t?»* velue ro*:tiire 0 
to b^l#*nc« the brirve. vl»v_> ilt« the ntuIg 

intersection the p»ore eoneUlttR tb<5 ’..ili i/c. 

iinct* it ijf desired to u^tt the n* i*e volt’tr# jf iJ o voltfs 

• s the In ut to the Irrl^ c, t» o tr tt tuit**»tai> . »*< 1.* 0 
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F/‘&. of L/NB BNC> Pn/^Stu 

\ioL~T fiCiBS OF /^LT£^^/}TO/Z. 



vatt or at , cerboa o9^bin»tioMi (►PT^ra to bo tbe 
besst, Hiving *» b*.lM»ce at 1(U volta. voltfsa* 

ch'Tficterlat ic« of t>*lsf le shoMi in * 14 , l«j. 

4t l»«*lunce aach Ifti-Jt re* iiira* , lb 4 ».-»ai‘oa or tho tot*^l 
currwit reouira<3 rvty* the altarru-tor it ,0 anti*«ro«. 
Tlvirefore » stf ruSiirc! ona, f’b aett lotenti j .Gi«r 
In t^e voltage eenoitlve circuit 1« sufficl*et to re- 
duce the rhaso volt<ift« to tiie brln^i o eratlM voltu^G, 
Thyrr^tron Clrctiit; 

'iho »’G-07 th'iftron BprpaAri to b« 4ry for 

this ® ®crcury-v«n^r »»•»!»• tlva-;:;rid roct- 

Ifitr ratQrt '■t ‘ ,b pvaruge ouri-ont, 1ft 

current njid t0(‘ pin*ere8 natlraA.- Mur>»e current, xt 
c«n i»ithstf^nd a onoiV iuitor<na jeric 

voltf’jfo of 1000 volti» eho the h9>. tar rofuli^r 4 ,y n area 
at ft volts, 1 rioi' to Oi'<®Tt*tiug this tuba it is raesr. 'snd- 
efi th‘ t the he-*tere t>c O' or? ted for b •'i**ot , *1-** nor^ l 
yeeic volt dro» • erott* tlio t«ua Is lb v^ite. 

If the pftuca volt***”®, «oa. la a i tj the laui 
bridtJrn then tl»o lino volt»uf?;a, anich latf*e -.q,, by 

io rC’ uired for the thyratr^ai nnot/e cu uy valt/*. a. 
'i'he <»node volt £ia it ciicultted as f 

iaii<nuri overaoe voltage roCMir*nl to celtacr .',0 
oatieres to a field of Gi^,5 oJiaia is 



•ia w/mm 9i «iM«4 




6^ €.«|4W %>i*4 ^111 

9 %tmhit0k0 W9 

trntrmi^^ &%9 ffclltrm ^4 kj| •41 1^ fy^HI (Mill IS lipwliit 
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•iKMTiwr Twn 4im 44t4r»4r p4i vf 4 I «^l 
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:i.O M CW.5 = volt* 

Aflu-lltu^e of hr If sine i»ave rerulred for tfcio 
>'ver8K® volt«>?e is 

^ s IE ^ X = 5*' 7 volts 

The volt "ire is - rt51 volts. 

Itte exj>eGte«l '*ro eci'oo* ti's tuho Is » 11,3 volts, 
glvln** a v*»luG of ‘ 4^ ,3 volte r’*a os th% rof uired 
supiljr volts >*e, ir'lnce the thyrMtronp »re to b© o exi ted 
as a full wove roctlfior, th© sccoiuiftry vinain*/i at^ the tP'-no- 
foiT' r whone M*l»*’ry is connmcttd fcrosit ho volt lino 
volt'^l:o, QO, «!U 0 t deliver telco the ebove volt - q or 4fcw,6 
volts, conter-tniiped, a 1-kvt-, 1? 0;fcGu-volt, coiiter-tr . . ed 
tri nsfoitTier el.oulo be SMtisr»'Otory fop thii^ . roMo.«. 

Grid Control Olrcuit; 

Tho control circuit consists of e <»»n l:o »te - 

up, eentor-tci ed trrrisfoncor eith the prii^csj^y c jnn^ctro 
acrors tho out ut of the Imip brl»'i^e and the 8eeoi't«”i’y toxv.- 
innls Gf ch connected in scries with a t7,(.00 o!jl' i*i*intox" 
to the grid a of the thyratrona in such n fwnner t‘*r t occ!' 
fi:rifl volta.'-’o its roe ©ctivo cnouo volttMu by 

Ihe center too of the socondery is connccLeA to tho t^o 
th -patron cathodes. Ihio ( rrtmf^e cnt err it# rid contr>i 
si- ilnr to that ahowti in i'i',. i3(b), iho :ur of tho 
47,000 oii'i ronlstors is to restrict tl»e flo^ o« ’i-i*' cur- 
rent . 







%CO *• •mi »«i' tii^4H ft %4 «0^%lk 






Heater valtiw?« ■•y b# fro'^i th® eiwrr t.>r 

.'hoc® vo.lt®re or frfl» the llo-l'*’ volt co^»i»rcl»l eu./ riy 
tbroimJi • atisndrrd fil*a»r.t tr»H9for^ ratt*l Pt 0 Ttlte 
on^ et l®e®t 9 ovser®s. j rr> otaa, »f> ®vtt i*ot®ntlvi«?t«r 
In the i'rl'miy of the fllwivnt tr>a#f<mior ony V»« »*scosft- 
«ry to roduc® au output of C volt® «tMiri tn# rHae# v<:*it*- :e 
Ic used. The coixplet® circuit dl*u»r»i» i® iikjva in . ll. 



iW 




t * 






re«rui»tor con5trt»cto« on p , ** 

rlioto^j*«i }) of ulilch is stcr<^\ ia • i .. 1! lb)« *011 oc»ij«n*TtiK« 
us«fl •ere «• dosl^ned, e oo*t tb© ©node eui< ly voltnue 
tr.insfomcr Tj,. a t.;^:4C0-volt nt©' -ui , C'-*hter-t*-i t.©ij 
tr^nefomer r-ted ©t l-icva »ms ©vallible luKa in vi« * of 
tho feet tiiat tbe denl^Ti of tl»© clrcolt ••<• Hi» 0 «d th© 
p«8#i*nlRtlc t«ethod or ortlculutin*? vol%©«r mr .iU ©♦.!»»*, it 
WQS ho eS th«t thi# trf»aBf«)Tr^r •'inl.d be r4eoi«»-.t© f*^r 
testing the nireuit. r©rr»)i’»«iWco t«»t© !«■»*> r i^rovei 
thnt it nes ©deruf»te for re^raletlon the rhti«o of 

0,0 loigrin© •j*a t.O le«tiia©! with n 7.u-»rv« lood, but %oul<^ 
su.ily only f ,65 omrwrwa to the sltornPtor field Inatc- d 
of t'.e desired 3,0 a&)or«e. 

The heater end ortbode of tho G-57 tfitretroo tube 
arc connected lntGrnf*lly. .>3 nee thee© tubeff. }»'ve «i oir 
cath.odoa connected at a emon 'oint in thl» ciroult, ctro 
roust ce t^en to Inauro tl«*t the her ter t-^rclnftle of ofic 
tube are conn, cted to the corresi tcr' inela of tho 

oecon'' tub© to ,r- vent q short circuit. 
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Fig. IS (a) - lS.3-lcva General Sloe trie 
alternator and ciotor. 




Fig. lS(b) - Breadboard arrangoitont of voltage 
regulator. 
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Iri oT-'or to t- rt * 110 ^ , t!w ru *uint .»r wmm 

Pli*ced in o .<jrHtion t»*c TtiO'ynt- t -f th« 

f»*tor field wtoa •(.Ins- tod e5ip#< t>»*<t t^o r<y ‘ uLi* tor r'l. lied 
0.0 msiiere to the ^Iternat *r fi«ld <^f*d tb« •o»># r t« « ii«ct 
current guJ -I^ volt**;^e • rovidad %lie ro*^ ltid*?r [n 0.8 
eiapero) at no lo^d. '• Ij-:cva eyijc’;i*.-»n>u* dt lvin* r 

direct current .'tener. tor waa ael«et'*c «» the eltecnntor 
lorid. ih« lo^ d apt lied to th«» cir»c- current .*3tier*'tor 
vas a bwn>T. ihe /r^inorstor loet! tea ao iat,jurtot'’ that 

the alterne tor bupiIIoO . 75-w'Te to thr »/tiC' f otor 
Qt unity i-ower ;■ ctor. 0/ oocro..slnr u\d inc-i* - the 
field currant or the a ^ncfrmou© ^otor thr ouri''-ui «i 
c^<ie to !•.»' ntv leeO ti^e tonial voltko^e, rfe<;--.ctl»«;lr . 

The •yT»c;irotiou» otor current wwa verlod inm. 

10.'* - irtsroe (tr... vol>^e r >r . .7t«-iore t unity ,o«er *'**otor) 
to f«3peres (the tmIuc for V.o-fva at • .') fact»r) 

for the leaAlij. '»^n' le/ialrui c^res. iha line volte.<»a 

wero aeaaureO a«th »■ ••tor- volt volt**et-ar n» t - m* 
alternator? rotor e».eod with a* t#<ch*:«tor. 'Xh*"* l'3eult^ 

•ro •- In the follovinii tetle. 
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Xhere ^os no otion of th% volt<«et«r tict jctod 

«hen chen*:irnr over f'^ctors when oalca. sJ.iftJiw to 

th® t.5 1».- •!.»*{ coT^^.Jtion ir t’ tHon it i*. u lutoo the 

neofilG .>*A5ntariiy Crr «d .0 voitr ooo th^u returoc/i 

to the vnuo of remji^teil ter= Ij/al volt«*ce. 

ihe wav® f oxT\® of the line pnd 'iiaac *»ttro 

observed "jo both a Ciitho*le rcy onciliosco:*# p.rtf the ven- 
erol electric oscillo *rd , h for «.U thw above condition* a-*u? 
there was no tUntortion nottc. >Pclllo.'rr-r.w or the line 
volt'ff’e, oc, at no-lo;<5 taiA f.3 ,-ovr.r I'aocor n,; ».re 

shown in th^r, !»(*) fvur X.. (b) ,rc.p. < ctlveiy and tho Amvo 
voltage, on, et ,o ’ower frotor Itt/igin.’ in 1. .. 

The presence of the r^rC }if.r^->onic in the ter* ir-cl voltr-r® 
is very evi. ent In rif. 13(*-). 

with the rc 'iilctor o* errtive on<i the 5lV i>n! lo» *t 
o-losd, the field current foiriwts jb«erv«.ii ju tt<® 

oscillo :!><«»} h ejRd an oscIUo -^n ^-de. a shona in .l-, 

13(d) the wove for» is ewaentif lly direct cur..e»*t with o 
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?ig« 13(a) - Osoiliogrt-E, of lino voltage ac at 
no-load. 




Fig. 13(b)- OGcillorrren Of line voito !0 •• c at 
7*5-fcvn,0.5 logrln * po' er factor. 





Fig. 13(c)- Occlllo,"rv'*n o ' voltcG© oa at 

7,5-kva, 0,5 laf’?"ins po\er factor. 




lo(uJ- Uscilio ra-. of fi.slc’ current at 
no-loefl • 



sriull lfO-Gy«l# rlv’jle. 

The •bovc tc*t« iK>r« oop^fucted «lth ui eltcrortor 
phas* 8u»jlfiu» the tlcrtutron h«ot#r voltrt 4 i^, llMy ppscii 
rapeetoJ with the haptera <)ru«tpfy carrrat fros tlM caaaarolal 
suvrl7 tliarc vara no shomnraii onuaraa in the altarantor 
r©£:ul«»tlo«. or aetlafeet^ry op«r*tl«n tba volV *50 ot. lied 
to tho 1 k:i brie^pv i» nLout lOB.fe ¥olte. 
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The cetprlbe*! In thi* i ->er r>.)C'l»<;8 v«ry 

close volt««<5 j*» jv-.t v vido mire of i-owor fact- 

ors itNont en# njticupblo i»Jotortl.*n in tlio ter linol 
volta^re tt 5 jv» for^. It 1*’ nol •elQsr in o|«c<r<*'tion eni 
contplni* no ior»vin^{ T»nrtp, i1*G cli'Ciilt In elwole oi^J 
reeuiroe «« r»ini<‘U' of co • ciJ oV ^hiph ^tq etf-ne- 

erd t.srT-e8 oo ©rci'»lly avpll®hlr. mt en ecmo Ic^ 1 trice. 
There are no b»t%<Ti^e r-f"ilro<< >>>(* is tne cmb© in t^sny 
e:ristinr volt'««ti retrul^tort. lu*'' t^« oiii/ t.M»t 

need reiltflnt '••re tno ronr 1'" in t*'o voltp^e-i-cnel- 
tiv® circuit ©wf* tha tmo !•. but thii- ai>oult he 

neceo''cry onl/ n/tor lou^ i*<iriodr of ueo. ift«r i»i.iti*«l 
eaclt* tioii thlr jx :ul tur be ui cc {»« the ultorrietox' 
•>clter, mirtlvln^’ ell tiie field current. ih«ro ls» ora:< 
one siwilo ecJufltrMsnt of the VK.*zaL* toT rft' ui^Tsci ' « o that 
Is the iot<viitlo^t^r, «*jl» controir tr>o volts* »« f*iii<licc 

to the l«v> hrlO’e. *fter this ha?- ot^co b«'»tn e« ^usstec to 
the roj-er t^r Im X volt fo of the pltvrjr tor, wo fub~ 
soeuent tu ju t - pt sfeouls bo noce»»*ary. 

All f^ceor^ ojMt icerco , ti?ic tv c of volV*#<« rerms*- 
tor ei' e«r* to bf tho wolutl.’Ti r©r » el*^le, ru<* ec Mad 
ec '«©• Ic' 1 ro'.iij. tor for •cvill t »v t »,• f»McXl 
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initi-1 co0t. It ih timt tM» volt*.nr? re^U-lftor 

fmy be eanetxnictet' for t-u Ilttl® i76.00 

Unforttmetelf till? !»*• Up m»<? 

lifnitvti >ne. IB it(% ,re«o»>t loir, it is li- IW to ^ 
ion I current of ».0 »tonev.ir, tliii* oeji fte ee. li;/ 

incroaoGd by uslnr » l' ip,er Rtoi -u *;r, ‘f. , but 

care wint be t<u;en to »-o< turt tUo cui^rcnt •» ein Ic 

thyratron doej? not nvor» ‘h®r« *r<* 

two <ilBeav»^nf!»w»P tb>-«t ■ > y bo «li-in<»ted bv ® 
to the wyiettn* circuit r 1 ’X*w*h^'‘ •*»! . n«**t»?et o( the 

thyr*trono n>u*t ne Ventod for w *. rio<l of b ■•i..utee ^rior 
to th* wrnllp. tlTsrt of ^n<I tbe t’loib t'urPMlt 

siu Hod by tba r to .'irt^ct current couroo -ust t>e de- 
cre»>««d rhoo the rn4,7»l‘''- in oi -irotl-^*. *his 
imy be douw f.uto«w.tlc*ll ^ frv the ur.o of fc , tot or-<» riven titmi 
doloy relf.v tlv*t clouoe five Inute® t'^e bo-tur vji- 

ta;e h*8 been *:> 1U6- *^oh tb« reloy cloaks, ti.o tijy- 
ratron circuit in clo*&c »na U the tU^e an Itl^yml 

r«8i»tMic© ir ii«e»art*>d ir, parioe with the Tmld fi*«-J»tct 
tlint rwduc' * t'lO vriuo of it® o*‘rraHt, »«tlwr» otory 
*TOtor- riv^r tiJho deloy raltiv .i / be urobeoad tor '.wont 
1ft. (>o. Xhl* ••’ll bd' itionrl ar«^*«ee l» otro-*»tly rsen^- 
candod r.»<l will ol? tn< te e »-iW^ible r*r«oaPWl error thrt 
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